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A leakage mitigation circuit is provided . The leakage miti 
gation circuit includes an inverter coupled to a storage node , 
wherein the storage node receives a signal output by an 
imaging pixel having a first voltage level to be stored . The 
inverter inverts the signal to a second voltage level . A single 
transistor coupled to the inverter and the storage node 
inverts the signal output by the inverter to the first level to 
hold the signal at the storage node to its original level . A 
self - biased device coupled to the inverter lowers current 
disturbance related to the storage node and increase thresh 
old voltage at which fluctuation of the level of the signal at 
the storage node causes the signal to be inverted by the 
inverter . 
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LEAKAGE MITIGATION AT IMAGE an imaging pixel having a first voltage level to be stored . The 
STORAGE NODE inverter inverts the signal to a second voltage level . A single 

transistor coupled to the inverter and the storage node 
BACKGROUND OF THE DISCLOSURE inverts the signal output by the inverter to the first level to 

5 hold the signal at the storage node to its original level . A 
1 . Field of the Invention self - biased device coupled to the inverter lowers current 
The present disclosure relates to leakage mitigation of a disturbance related to the storage node . 

storage node receiving a signal from at least one imaging In embodiments , timing of the leakage mitigation circuit 
pixel , and more particularly to an autonomous leakage can be driven by the signal received from the imaging pixel 
mitigation using positive feedback with minimal devices . 10 at the storage node . The inverter can include a pair of 

2 . Description of Related Art transistors . The inverter and the single transistor can form a 
Storage nodes in imaging pixels are susceptible to leak - positive feedback circuit . The voltage level of the signal at 

age , particularly when storage capacitance is small and / or the storage node can be unaffected by temperature . The 
under certain conditions , such as when the ambient tem - voltage level of the signal at the storage node can be 
perature is high , when the signal integration time is set long , 15 unaffected by a leakage path connected to the storage node . 
or when the manufacturing process of an associated inte The voltage level of the signal at the storage node can be 
grated circuit leads to the creation of devices with smaller unaffected by manufacturing process variations associated 
off - resistances . Such leakage can increase the likelihood of with the leakage mitigation circuit . The self - biased device 
incorrect output from the storage node . can be a single transistor . The self - biased device can limit a 

A variety of systems and devices are known for using a 20 maximum current that can flow through the inverter . The 
positive feedback circuit in relation to leakage mitigation for self - biased device can increase a threshold voltage at which 
a static random access memory ( SRAM ) device . Many such fluctuation of the level of the signal at the storage node 
positive feedback circuits employ two inverters , where each causes the signal to be inverted by the inverter . 
inverter is composed of multiple electrical components . In A method of mitigating leakage from a storage node of an 
addition , such positive feedback circuits operate in response 25 imaging pixel includes receiving a signal output by an 
to timing controls . Furthermore , such positive feedback imaging pixel , the signal having a first voltage level to be 
circuits are susceptible to inadvertent triggering of the stored , inverting the signal to a second voltage level in 
positive feedback circuit due to noise coupling . While use of response to receiving the signal , and inverting , using a single 
positive feedback circuits in SRAM devices may not have electrical component , the signal to the first voltage level to 
protection against transient current disruptions as such tran - 30 hold the signal to its original level in response to inverting 
sient currents may not be troublesome , other types of storage the signal to the second level . 
devices may be susceptible to transient current . Such vul - In embodiments , the method can include limiting a maxi 
nerable storage devices may not operate properly without mum current that can flow through the inverter . In embodi 
adequate protection from transient current disruptions . ments , the method can include increasing a threshold volt 

Such conventional methods and systems have generally 35 age at which fluctuation of the level of the signal at the 
been considered satisfactory for their intended purpose . storage node occurs . 
However , leakage mitigation for storage nodes of imaging In accordance with a further aspect of the disclosure , an 
pixels under conditions such as when the ambient tempera - imaging device having a focal plane array is provided . The 
ture is high , when the signal integration time is set long , or focal plane includes an imaging pixel array and the leakage 
when the manufacturing process of an associated integrated 40 mitigation circuit . 
circuit leads to the creation of devices with smaller off 
resistances . In addition , there is still a need in the art for BRIEF DESCRIPTION OF THE DRAWINGS 
leakage mitigation for storage nodes of imaging pixels that 
does not rely on large storage capacity and that uses few So that those skilled in the art to which the subject 
electrical components of minimal size . Furthermore , there is 45 disclosure appertains will readily understand how to make 
a need in the art for leakage mitigation for storage nodes of and use the devices and methods of the subject disclosure 
imaging pixels that can operate without timing control . In without undue experimentation , embodiments thereof will 
addition , there is a need for improved leakage mitigation for be described in detail herein below with reference to certain 
storage nodes of imaging pixels in conditions that are figures , wherein : 
susceptible to noise coupling and transient current disrup - 50 FIG . 1 is a schematic diagram of a first embodiment of a 
tions . The present disclosure provides a solution for these leakage mitigation circuit coupled to an imaging pixel and a 
problems . leakage device in accordance with embodiments of the 

present disclosure ; 
SUMMARY OF THE INVENTION FIG . 2 is a schematic diagram of a second embodiment of 

55 a leakage mitigation circuit coupled to an imaging pixel and 
The purpose and advantages of the below described a leakage device in accordance with embodiments of the 

illustrated embodiments will be set forth in and apparent present disclosure ; and 
from the description that follows . Additional advantages of FIG . 3 is a block diagram of an imaging device that 
the illustrated embodiments will be realized and attained by includes an array of imaging pixels having respective leak 
the devices , systems and methods particularly pointed out in 60 age mitigation circuits shown in FIG . 1 . 
the written description and claims hereof , as well as from the 
appended drawings . DETAILED DESCRIPTION 

To achieve these and other advantages and in accordance 
with the purpose of the illustrated embodiments , in one Reference will now be made to the drawings wherein like 
aspect , a leakage mitigation circuit is provided . The leakage 65 reference numerals identify similar structural features or 
mitigation circuit includes an inverter coupled to a storage aspects of the subject disclosure . For purposes of explana 
node , wherein the storage node receives a signal output by tion and illustration , and not limitation , a schematic diagram 
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of an exemplary embodiment of a leakage mitigation circuit device 104 . The leakage can cause the voltage level of the 
for a storage node in accordance with the disclosure is image signal to change . The voltage level change can cause 
shown in FIG . 1 and is designated generally by reference the binary signal to change its state and corrupt information 
character 100 . Other embodiments of a leakage mitigation indicated by the signal . 
circuit in accordance with the disclosure , or aspects thereof , 5 Without the advantage provided by the leakage mitigation 
are provided in FIGS . 2 - 3 , as will be described . circuit 100 , the capacitor 118 does not adequately mitigate 

Embodiments of the disclosure include a leakage mitiga such leakage . Any leakage mitigation provided by the 
tion circuit coupled to a storage node of an imaging pixel , capacitor 118 depends on the amount of capacitance pro 
and methods of mitigating leakage of an output storage node vided by the capacitor 118 , such that a relatively large sized 
of an imaging pixel . 10 capacitor 118 is needed to provide any meaningful leakage 

An example leakage mitigation circuit 100 is shown in mitigation . However , physical space can be limited , without 
FIG . 1 . Leakage mitigation circuit 100 is coupled at storage enough physical space available to accommodate the rela 
node 101a to an imaging pixel 102 . The leakage mitigation tively large sized capacitor 118 . In addition , operation of the 
circuit 100 is further coupled at node 101b to a potential capacitor 118 is influenced by temperature , such that 
leakage path 103 that leads to a leakage device 104 . The 15 adequate leakage mitigation may not be provided at higher 
leakage path 103 can be , for example , an off - state transistor temperatures . In addition , the capacitor integration time may 
channel or within the capacitor 118 itself . Capacitor 118 is not be fast enough to mitigate leakage of a signal at nodes 
composed of a dielectric that causes a finite amount of 101a , 101b , or 101d if the image signal received at node 
charge to flow through the capacitor and this spurious charge 101a is changing states faster than the capacitor 118 can 
flow is a leakage current . The leakage device 104 can be , for 20 perform integration . For example , the image signal at node 
example , p - n junction or a MOSFET transistor . In a MOS 101a can be driven by a driver of the imaging pixel 102 that 
FET transistor , leakage manifests itself from several differ causes the image signal to change states at a speed that is 
ent mechanisms : gate leakage , subthreshold leakage , chan - faster than the capacitor 118 can perform integration . 
nel leakage , and gate - induced drain leakage to name a few . With the advantage of the leakage mitigation circuit 100 , 
Of those listed above , the most predominant leakage mecha - 25 the capacitor 118 is not required for storage . Rather , the 
nism across MOSFET technologies is subthreshold leakage capacitor 118 is an optional component that can improve 
from the drain to source terminals . This leakage depends on resistance to disturbance of the state stored at nodes 101a , 
several factors , but is mostly controlled by a process param - 1016 , 101c , and 101d . 
eter known as threshold voltage . Minority carriers in the The positive feedback circuit 106 of the leakage mitiga 
channel flow even when the gate voltage is OV in the case 30 tion circuit 100 is coupled to nodes 101a and 101c . Node 
of N - type devices and the density of minority increases 101c is coupled to gates of MOSFET devices 114 and 116 
exponentially as the gate voltage approaches the threshold that are included in inverter 108 . The image signal that 
voltage . The leakage mitigation circuit 100 includes a posi - arrives at node 101c is inverted from the first voltage level 
tive feedback circuit 106 that includes an inverter 108 and a to the second voltage level , or from the second voltage level 
complementary MOSFET device 110 . The positive feedback 35 to the first voltage level . The change in voltage level causes 
circuit 106 is coupled to a threshold control device 112 , a change of state of the image signal such that the state at a 
which is shown in the example to be a MOSFET device . The node 119 , which is connected to the source of both MOSFET 
inverter 108 includes first and second MOSFET devices 114 devices 114 and 116 , is opposite the state at node 101c . 
and 116 . A path between drains of complementary MOSFET While the complementary MOSFET device 110 is not a 
device 110 and first MOSFET device 114 is coupled to 40 full inverter , it provides an inversion function so that the 
ground at node 117 . A drain of the threshold control device state at node 101a , which is coupled to the source of the 
112 is coupled to ground . In the example embodiment complementary MOSFET device 110 , is the opposite of the 
shown , complementary MOSFET device 110 and first MOS - state at node 119 . Furthermore , when node 101a is actively 
FET device 114 are PMOS devices , and threshold control driven to the opposite state , such as by the driver of imaging 
device 112 and second MOSFET device 116 are NMOS 45 pixel 102 , the complementary MOSFET device 110 is shut 
devices . The configuration shown is provided by way as an off , and a state - conflict does not exist at node 101a . For 
example , without limitation thereto . example , if node 101a is driven by the imaging pixel 102 to 

The storage node 101a is coupled to node 101c , which is a “ O ” state , the inverter 108 inverts this state to a “ 1 ” , which 
coupled in series with node 101a . An optional storage turns off the complementary MOSFET device 110 removing 
capacitor 118 is provided that couples at node 101d to the 50 any contention between the complementary MOSFET 
storage node 101a . Nodes 101a , 101b , 101c , and 101d are all device 110 and the imaging pixel 102 . Accordingly , the state 
coupled in series . The capacitor 118 is coupled between at node 101a is maintained until it is purposefully driven to 
node 101d and ground or between node 101d and any fixed another state , such as by the signal received at node 101a 
power supply voltage . In an embodiment , nodes 101a , 1016 , that is output by a driver of imaging pixel 102 . Accordingly , 
101c , and 101d are connected in series without any inter - 55 timing of the leakage mitigation circuit can be achieved 
vening devices included in the serial path between nodes without using external control signals or timing signals . 
101a , 101b , 101c , and 101d . Rather , the inverter 108 inverts the signal at node 101c in 

The storage node 101a receives a binary image signal response receipt of a signal at node 101a , and complemen 
output by imaging pixel 102 . The image signal can have a tary MOSFET device 110 inverts the signal at node 119 in 
first state in which the signal is at a first voltage level that 60 response to inversion by the inverter 108 . 
indicates information is provided to be stored , or a second In the example embodiment shown , the state at node 101a 
state in which the signal is at a second voltage level that remains high , which corresponds to a high voltage level until 
indicates information is not to be stored . The objective is to it is actively driven to a low state that corresponds to a low 
store the state of the binary imaging signal has in a storage voltage level . 
device ( not shown ) . Without the advantage provided by the 65 The threshold control device 112 is a self - biased device 
leakage mitigation circuit 100 , the imaging signal at node that is coupled to the inverter 108 . The threshold control 
1015 may leak , e . g . , via leakage path 103 , to a leakage device 112 lowers the susceptibility of the storage node 101a 
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15 

to transient current disturbances and increases the threshold first voltage level to be stored , the inverter inverting the 
voltage at which the level of the signal at the storage node signal to a second voltage level ; 
101a causes the signal to be inverted by the inverter 108 . a single transistor coupled to the inverter and the storage 
Thus , the threshold control device 112 lowers susceptibility node , the single transistor inverting the signal output by 
of storage node 101a to transient current disturbances from 5 the inverter to the first level to hold the signal at the 
the inverter 108 , and limits the transient current in the storage node to its original level and mitigate leakage 
inverter 108 for low - power applications . In addition , the from the storage node via the leakage path by providing 
threshold control device 112 reduces inadvertent triggering positive feedback with the inverter , and 
of positive feedback due to noise coupling at storage node a self - biased device coupled to the inverter to lower 
101a . The components included in the leakage mitigation 10 susceptibility of the storage node to current disturbance 
circuit 100 , and thus the function of the leakage mitigation related to the storage node and increase a threshold 
circuit 100 , are substantially unaffected by temperature , the voltage at which the level of the signal at the storage 
leakage path 103 , leakage devices 104 , or manufacturing node causes the signal to be inverted by the inverter to 
process variations associated with the leakage mitigation reduce inadvertent triggering of the positive feedback 
circuit 100 or the imaging pixel 102 . provided by the inverter and the single transistor . 

With reference to FIG . 2 , a second embodiment is shown 2 . The leakage mitigation circuit of claim 1 , wherein 
of a leakage mitigation circuit 100 ' . Differences between the timing of the leakage mitigation circuit is driven by the 
leakage mitigation circuit 100 ' and the leakage mitigation signal received from the imaging pixel at the storage node . 
circuit 100 shown in FIG . 1 are described . For brevity and 3 . The leakage mitigation circuit of claim 1 , wherein the 
clarity , features that are the same as the leakage mitigation 20 inverter includes a pair of transistors . 
circuit 100 are not described . 4 . The leakage mitigation circuit of claim 1 , wherein the 

In the example embodiment shown in FIG . 2 , the positive voltage level of the signal at the storage node is minimally 
feedback circuit is designated as 106 ' , the inverter is desig - affected by temperature relative to leakage mitigation pro 
nated as 108 ' , the threshold control device is designated as vided by a capacitor . 
112 ' , and the first and second MOSFET devices are desig - 25 5 . The leakage mitigation circuit of claim 1 , wherein the 
nated as 114 ' and 116 ' . The complementary MOSFET device voltage level of the signal at the storage node is minimally 
110 and second MOSFET device 116 are NMOS devices , affected by the leakage path connected to the storage node 
and threshold control device 112 and first MOSFET device relative to leakage mitigation provided by a capacitor . 
114 are PMOS devices . The configuration shown is provided 6 . The leakage mitigation circuit of claim 1 , wherein the 
by way as an example , without limitation thereto . 30 voltage level of the signal at the storage node is minimally 

In the example embodiment shown , the state at node 101a affected by manufacturing process variations associated 
remains low , which corresponds to a low voltage level , until with the leakage mitigation circuit relative to leakage miti 
it is actively driven to a high state that corresponds to a high gation provided by a capacitor . 
voltage level . 7 . The leakage mitigation circuit of claim 1 , wherein the 

In accordance with an embodiment , a method is provided 35 self - biased device is a single transistor . 
for mitigating leakage of a storage node of an imaging pixel . 8 . The leakage mitigation circuit of claim 1 , wherein the 
The method includes receiving a signal output by an imag - self - biased device limits a maximum current that can flow 
ing pixel , the signal having a first voltage level to be stored , through the inverter . 
inverting the signal to a second voltage level in response to 9 . A method to mitigate leakage from a storage node of an 
receiving the signal , and inverting , using a single electrical 40 imaging pixel , the method comprising : 
component , the signal to the first voltage level to hold the receiving a signal output by an imaging pixel , the signal 
signal to its original level in response to inverting the signal having a first voltage level to be stored ; 
to the second level . The in embodiments , the method further inverting the signal to a second voltage level in response 
can include limiting a maximum current that can flow to receiving the signal ; 
through the inverter . In addition , in embodiments , the 45 providing positive feedback by the inversion of the signal 
method can include increasing a threshold voltage at which to mitigate leakage via a leakage path coupled to a 
fluctuation of the level of the signal at the storage node leakage node and a storage node ; and 
occurs . inverting , using a single electrical component , the signal 

The methods and systems of the present disclosure , as to the first voltage level to hold the signal to its original 
described above and shown in the drawings provide for 50 level in response to inverting the signal to the second 
leakage mitigation with superior properties including a level . 
reduced number and size of devices used ; immunity from 10 . The method of claim 9 , further comprising limiting a 
fluctuations in temperature , integration time , and manufac - maximum current that can flow through the inverter . 
turing process ; and freedom from external timing and con - 11 . An imaging device having a focal plane array com 
trol signals . While the apparatus and methods of the subject 55 prising an imaging pixel array and a leakage mitigation 
disclosure have been shown and described with reference to circuit , the leakage mitigation circuit comprising : 
embodiments , those skilled in the art will readily appreciate a leakage node coupled to a leakage path and a storage 
that changes and / or modifications may be made thereto node ; 
without departing from the spirit and scope of the subject an inverter coupled to the storage node , the storage node 
disclosure . 60 receiving a signal output by an imaging pixel of the 

imaging pixel array , the signal having a first voltage 
What is claimed is : level to be stored , the inverter inverting the signal to a 
1 . A leakage mitigation circuit comprising : second voltage level ; 
a leakage node coupled to a leakage path and a storage a single transistor coupled to the inverter and the storage 
node ; node , the single transistor inverting the signal output by 

an inverter coupled to the storage node , the storage node the inverter to the first level to hold the signal at the 
receiving a signal output by an imaging pixel having a storage node to its original level and mitigate leakage 

65 
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from the storage node via the leakage path by providing 
positive feedback with the inverter ; and 

a self - biased device coupled to the inverter to lower 
susceptibility of the storage node to current disturbance 
related to the storage node and increase a threshold 5 
voltage at which the level of the signal at the storage 
node causes the signal to be inverted by the inverter to 
reduce inadvertent triggering of the positive feedback 
provided by the inverter and the single transistor . 

12 . The leakage mitigation circuit of claim 11 , wherein 10 
timing of the leakage mitigation circuit is driven by the 
signal received from the imaging pixel at the storage node . 

13 . The leakage mitigation circuit of claim 11 , wherein the 
inverter includes a pair of transistors . 

14 . The leakage mitigation circuit of claim 11 , wherein the 15 
voltage level of the signal at the storage node is minimally 
affected by at least one of temperature , the leakage path 
connected to the storage node , and manufacturing process 
variations associated with the leakage mitigation circuit 
relative to leakage mitigation provided by a capacitor . 20 

15 . The leakage mitigation circuit of claim 11 , wherein the 
self - biased device is a single transistor . 

16 . The leakage mitigation circuit of claim 11 , wherein the 
self - biased device limits a maximum current that can flow 
through the inverter . 25 

* * * * 


